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Abstract 
Co-Cr ferrites with the chemical formulae, CoFe2-xCrxO4 (x = 0 to 0.5 in steps of 0.1) were prepared by sol gel 
autocombustion method. Lattice constants were determined from X-ray diffraction patterns. Magnetic properties 
were studied by VSM and Mössbauer spectroscopy. Magnetostrictive coefficients were measured using strain gauge 
technique. The magnetostriction coefficient has been observed to increase sharply at higher chromium 
concentrations (x = 0.3 - 0.5). The hyperfine field Hhf values at B- and A-sites showed an initial increase at both the 
sites followed by a gradual monotonic decrease with increasing chromium ion concentration (x). The Fe3+ (B)/Fe3+ 
(A) ratio obtained from the Mössbauer spectra decreases with increasing chromium concentration. The results have 
been explained on the basis of super transferred hyperfine fields. 
 
© 2014 The Authors. Published by Elsevier Ltd. 
Selection and peer-review under responsibility of the Gokaraju Rangaraju Institute of Engineering and Technology (GRIET). 
Key words: Magnetostriction coefficient, Hyperfine fields, Superexchange interactions 
1. Introduction 
       Magneto mechanical torque sensor, based on the principle of magnetostriction, has been considered as a 
promising candidate for steering sensor applications in automotive industry [Somaiah et al, 2012]. It is known that 
replacement of hydraulic steering systems with “electronic” systems can achieve significant improvements in fuel 
economy because the hydraulic systems continuously draw power, whereas the electronic systems draw power when 
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needed. Thus, magnetic torque sensors are considered to be an alternative to hydraulic power systems. The essential 
characteristics of a material, suitable for stress or torque sensor application, are large magnetomechanical coupling, 
reasonable saturation magnetostriction, minimum magnetomechanical hysteresis, low magnetic anisotropy, low 
Curie temperature, good mechanical properties, corrosion resistance and low cost [Paulson et al, 2005]. The large 
magnetostriction coefficient is the figure of merit for the materials. Terfenol (TbxDy1-xFe2), Samfenol (SmxDy1-xFe2) 
and other rare earth iron compounds are currently used materials for magnetostrictive stress or torque sensors. 
However, the high magnetic anisotropy, poor mechanical properties and high cost of these compounds restrict their 
use for applications.  
Thus, the research efforts were further made to reduce the magnetic anisotropy and increase the 
magnetostriction coefficient and strain derivative of the magnetostrictive material. The cobalt containing ferrites are 
found suitable as they possess high coercivity, high Curie temperature, moderate magnetization, very high positive 
magneto crystalline anisotropy and high negative magnetostriction. The compositional dependence on magnetic and 
magnetostrictive properties of polycrystalline substituted cobalt ferrite systems have been studied by many 
researchers [Rao et al, 2013]. But the reasons for improvement in magnetostrictive properties of the materials are 
not well established. The knowledge of the cation distribution is essential for understanding the behaviour of a 
sensor material which can be made possible with Mössbauer Effect. It is well known that Mössbauer spectroscopy is 
a powerful tool to provide an accurate amount of Fe3+ ions on both the crystallographic sites. In this paper, the 
magnetostrictive properties of   CoCrxFe2−xO4 system have been discussed in the light of Mössbauer parameters.  
 
2. Experimental Details 
Chromium substituted cobalt ferrite samples with compositions CoFe2-xCrxO4, (where x varies from 0.00 to 0.50 
in steps of 0.1) have been prepared by sol-gel autocombustion method. The synthesized powders were annealed at 
600oC for six hours and then after pressing them into desired shapes they were finally sintered at 1150oC in air 
atmosphere for 6 hours. Single phase cubic spinel structures of the samples were confirmed by X-ray powder 
diffraction patterns. Room temperature saturation magnetization and hysteresis properties were measured using a 
vibration sample magnetometer. Magnetostriction measurements were made using a tensile strain gauge method 
under the applied field strengths of ±700 kA/m and room temperature Mössbauer study was done by transmission 
Mössbauer spectroscopy. 
 
3. Results and Discussion 
3.1. Maximum magnetostriction 
Magnetostriction curves as a function of applied magnetic field for all the samples are shown in Figure1a. 
Maximum magnetostriction has been observed to increase with chromium content in CoCrxFe2-xO4 system except 
for the concentration x= 0.3. Further, the observed increase is sharp at higher concentrations (x > 0.3). 
The observed variations can be discussed on the basis of magnetostrictive contributions of various cations, their 
valence states and site occupancy in a given ferrite composition [Lee, 1955]. In cobalt ferrite based systems, the 
large negative and large positive magnetostrictive contributions of Co2+ and Fe2+ ions and sizeable negative 
magnetostrictive contribution of Fe3+ ions are to be considered in explaining the magnetostrictive properties 
[Dionne, 2006]. In fact, the magnetostrictive contributions of the substituted cations, either positive or negative, tend 
to alter the net magnetostriction of the system. Further, the tetrahedral site magnetostrictive contribution of a cation 
is known to be lesser and opposite in nature to that of the octahedral contribution.  Therefore, the magnetostrictive 
contribution of tetrahedral cobalt ions and paramagnetic chromium ions has been insignificant. However, it is 
proposed that chromium ions tend to replace iron ions at tetrahedral and octahedral sites respectively with increasing 
value of theirs’ concentration (x) from the study of the saturation magnetization values. In view of this result, the 
observed sudden increase in maximum magnetostriction in the  range x ≥ 0.3 of chromium concentration has been 
mainly attributed to the increased presence of cobalt ions at B sites.  This kind of an increased presence of Co2+ ions 
in B-sites is supposed to increase the trigonal distortion of the lattice, resulting in large increase in maximum 
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magnetostriction.  
 
 
Fig. 1. (a) Magnetostriction curves with applied field and; (b) Typical Mossbauer spectrum of x = 0.3 concentration 
3.2. Mössbauer parameters 
In order to understand dthe modified cationic environment, which was explained by the variations of magnetic 
and magnetostrictive properties, Mössbauer experiment was performed on CoCrxFe2-xO4 system. A study of Fe57 
Mössbauer spectra of ferrites gives valuable information about the site occupancy of iron ions, iron ion 
concentration at both A- and B-sites, valence state of iron ions and the strength of exchange interactions. This 
information is highly useful to provide the cation distribution which helps greatly in understanding the variations in 
several magnetic properties of ferrites.  
Figure1b shows room temperature 57Fe Mossbauer spectra of CoCrxFe2-xO4 system. Data has been curve fitted 
keeping line width constraint constant. The solid lines are the result of mean-least-squares computer fitting to the 
spectrum composed of four sextets.  The curve fitted parameters of the spectra are given in table1. All the spectra 
show the presence of two distinct sextets indicating two different environments for iron corresponding to tetrahedral 
and octahedral sites in the spinel lattice. The site assignment has been done for each composition of the system on 
the basis of isomer shift values. The insignificant quadrupole splitting indicates the presence of symmetric 
environment around the iron nucleus in all the samples.  
3.2.1. Site assignment 
 
        An important step in the analysis of the spectrum is the identification of sextets corresponding to tetrahedral 
(A) and octahedral (B) sites of the ferrite lattice. It is known [Petit, et al, 1971] that each A-site iron ion is 
surrounded by 12 B-site immediate neighbours and each B-site iron ion has six A-site immediate neighbors. Fe3+ 
(A) -O2-- Fe3+ (B) exchange interaction between iron ions is known to be the strongest, whereas A-A and B-B 
interactions between iron ions via oxygen ions are relatively weaker. On the basis of this statement, A-site iron ions 
in cobalt ferrite find large number of B-site iron ions as their immediate neighbours as compared to those at B-sites. 
There are contradicting reports showing that in some studies higher hyperfine field at A- site iron nuclei and in some 
studies larger hyperfine field at B-site iron nuclei [Fayek, et al, 1992]. Hence, hyperfine field consideration may not 
be a correct method for the site assignment of sextets.  
 
The site assignment of the sextets corresponding to A- and B-sites can also be made on the basis of isomer 
shift consideration and the same has been adopted in the present study. Since Fe3+- O2- inter-nuclear separation for 
the B-sites is larger than that for A- sites, smaller overlapping of the orbitals of Fe3+ ions and oxygen anions and the 
1514   G.S.N. Rao et al. /  Procedia Materials Science  6 ( 2014 )  1511 – 1515 
smaller covalency lead to larger isomer shift to B-site. So, the sextet with lower isomer shift represents A-site 
whereas the one with higher isomer shift corresponds to B-site. 
Table 1. Variations of saturation magnetization(Ms), maximum magnetostriction(λmax), hyperfine field at nucleiof A, B sites ( Hfa , 
Hfb),ratio of  relative absorption areas(FeB/FeA) 
X                 Ms   (Am2/Kg)            λmax  (10-6) 
 
        Hfa  (Oe)   Hfb (Oe)          FeB/FeA 
0                         61.90                            174                         488               502 1.53 
0.1                      52.06                            186                         511               537 1.34 
0.2                      48.05                            188              
0.3                      38.30                            178              
0.4                      38.21                            206              
0.5                      28.45                            232              
           511  
           511 
           511 
           511             
  535 
  533 
  526 
  520                     
1.19 
1.10 
1.02 
1.03 
 
         Hence, it can be concluded that the assignment of sextets on the basis of isomer shift criteria is considered to 
be the right method. The isomer shift values lie within the range of 0.2 – 0.4 indicating that the valence state of iron 
as 3+. Within the experimental error, the isomer shifts obtained from the present study showed reasonable variation 
in all the three B-sites.  
 
3.2.2. Hyperfine field at the nucleus 
 
         It is well known that hyperfine magnetic field at the iron nucleus in a ferrite is very sensitive to the local 
environment. The origin of the hyperfine magnetic field at the nucleus is due to the magnetic moment of the 
unpaired 3d electrons of the transition metal ions, coupled by the super exchange interaction via the oxygen ions 
separating them. The strength of this short range interaction increases as the distance between the magnetic ions 
decreases.  
        The observed variation in hyperfine magnetic field, in the present study, with composition differs from the 
earlier studies reported for initial concentration of x = 0.1 and also much less variation has been observed [Snyder et 
al, 2006]. The less variation of hyperfine fields in the present study, at both the sites is attributed to cobalt and iron 
ions migration in both the sites.  Sufficient number of super exchange interactions of Co2+-O- Fe3+ and Fe3+-O- Fe3+ 
are maintained to compensate the weak super exchange link  Cr3+ – O – Fe3+. 
        The variation in hyperfine magnetic field with composition corresponding to B-sites has been observed to be 
significant as compared to those variations corresponding to A-sites. These variations may be attributed to the 
decreasing number of A-site nearest neighbour Fe3+ ions with increasing fraction of cobalt and chromium contents 
together. Meagre variation in the hyperfine field at A-site iron nuclei, except at x = 0.1, has been noticed (Table1). 
The appreciable decrease in hyperfine field, beyond x ≥ 0.1, may be related to increased occupancy of cobalt and 
chromium ions at A-sites.  
        It has been understood from the observed values of saturation magnetization that cobalt ions prefer to occupy 
both the A-and B-sites in the spinel lattice while chromium ions have marked preference to occupy B-sites. We 
know that all the Fe ions in the structure are Fe3+ only from the ranges of observed isomer shift values. As 
chromium has strong preference for B-site and we assume that if the chromium replaces Fe ions in B-sites only 
without affecting A-site Fe and Co ions, there would be large variation in A-site hyperfine field. But the observed 
variations of hyperfine field at B-sites indicates that the chromium substitution brings an increase in  number of Fe 
ions in A-sites and corresponding decrease of Fe ions  in B-sites. The initial increase in the hyperfine field of A-sites 
may be due to the migration of chromium ions from B-sites to A-sites and the near stable values in hyperfine fields 
of A-sites for further concentrations are due to the fact that the A-sites are surrounded by 12 B-sites, and the 
decrease in Fe ions at B-sites does not affect much in the hyperfine field of A-sites. 
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3.2.3. Relative absorption areas 
 
       From the proposed cation distribution of cobalt ferrite using Mössbauer data, it has been observed that only 21 
% of the total cobalt ions occupying A-sites, and this is in good agreement with many available reports [Petit et al, 
1971].  Occupancy of cobalt and iron ions at A- sites at the same percentage has not taken place throughout the 
chromium concentration. The percentage of cobalt and iron ions occupying A-sites has been increasing with the 
increasing chromium and iron concentrations together and the rate of increase has reached a maximum for  x = 0.5. 
Consequently, migration of a little quantity of iron from A-sites to B-sites is expected and the same has been 
discussed while explaining the variations in saturation magnetization. This argument is further supported by 
magnetostriction measurements.  
      Most of the Co2+ ions tend to occupy tetrahedral sites with increasing chromium concentration causing migration 
of fewer Fe3+ ions to B-sites. This migration prevents the rapid dilution of B-sublattice magnetic moment which is 
also evident from the observed variations in the hyperfine field at B-sites iron nuclei.  
4. Conclusions 
Chromium substituted cobalt ferrites showed high magnetostriction coefficient values at larger substituent 
concentrations. The reasons for the sharp increase are explained as due to modified cationic environment and the 
same is supported from the Mossbauer parameters. The results demonstrate that these materials are suitable for 
automobile torque sensor applications. 
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